In our course of study about the mechanism of gibberellin action on the germination of tobacco seeds, Yamaki discussed briefly the action of gibberellin on the induction of dark germination of tobacco seeds with regard to the effect of coumarini> and light2', suggesting that gibberellin seems to be produced in the seeds by red light illumination. Hashimoto3' found the promoting effects of small amount of potassium nitrate on gibberellin-induced dark germination, and Yamaki and Hashimoto4~ and Hashimoto and Yamaki8' extended the work and reported the accelerating effect of inorganic N-compounds and phosphates on dark germination of tobacco seeds induced by gibberellin.
In our course of study about the mechanism of gibberellin action on the germination of tobacco seeds, Yamaki discussed briefly the action of gibberellin on the induction of dark germination of tobacco seeds with regard to the effect of coumarini> and light2', suggesting that gibberellin seems to be produced in the seeds by red light illumination. Hashimoto3' found the promoting effects of small amount of potassium nitrate on gibberellin-induced dark germination, and Yamaki and Hashimoto4~ and Hashimoto and Yamaki8' extended the work and reported the accelerating effect of inorganic N-compounds and phosphates on dark germination of tobacco seeds induced by gibberellin.
Ogawara and Ono, who reported the dark germination inducing action of gibberellin on tobacco seeds in 19576', however, reported that they could not find the promotion of gibberellin-induced dark germination by potassium nitrate7' .
In order to discuss the mechanism of gibberellin action on dark germination of tobacco seeds in detail, and the reason of the incoincidence in the effect of potassium nitrate on gibberellin action, the authors want to find the fittest experimental conditions for further studies.
In the present paper, the authors report the effect of ammonium nitrate, ammonium sulphate, ammonium chloride, ammonium phosphate, potassium phosphate and potassium nitrate on the dark germination of tobacco seeds in presence and absence of 20 or 10 ppm gibberellin.
Material and Method
Seed of Nicotiana tabacum L. "Bright Yellow", harvested in fall 1959 in Chiba prefecture and kept in a cold room, was used in the experiments. The experiments were performed during the period from May 1960 to October 1960.
The germination beds were three sheets of filter paper laid in a Petri dish and wetted with enough amount of salt solution at various pH in presence or absence of 5 to 20 ppm gibberellin. Two beds were prepared for each germination test. The initial pH of 4.0 and 6.0 or the ones ranging from 1.0 to 8.4, having intervals of 0.2 to 0.5, were adjusted by the addition of a varying amount of acid to the base solution of the fixed amount and concentration, or vice versa-e.g. a varying amount of M/10 KOH was added to a mixture of 5 ml of 1 M HNO3 and 2.5 ml of 100 ppm gibberellin solution and each of these mixture solutions was filled up with water to 25 ml. The solutions containing 10 ppm gibberellin and M/10 salt is thus prepared. * Physiological Laboratory, Japan Women's University, Bunkyo-ku, Tokyo, Japan. ** Biological Institute , College of General Education, University of Tokyo, Komaba, Meguro-ku, Tokyo, Japan.
Just after about one hundred seeds were sown on the germination bed, the Petri dish was covered with a black paper sheet and placed in an incubator for 5 days at 27°.
The pH of the test solutions without the seeds maintained its original values on the filter papers throughout the incubation period even in the same conditions as those of the test dishes.
The pH of the germination beds, having germinating seeds on them, however, changed during the incubation period.
In the experiment using H3PO4 and NH4OH solution for pH adjustment, pH of the beds have changed toward 5.5 to 6.0 at the end of the incubation period : pH of the beds which were adjusted to pH 2.6, 2.9, 3.2, 4.2, 4.5, 5.0, 5.6, 6.0, 6.5, 6.9, 7.0, 7.5 and 8.0 changed to 3.6, 3.9, 4.2, 5.3, 5.5, 5.5, 5.5, 5.8, 6.0, 6.4, 6.7, 6.9 and 7.0, respectively.
Despite these phenomena the effect of the initial pH is very remarkable in these experiments.
Results effect of ammonium salts on the gibberellin-induced dark germination of the seed: For the investigation of optimum concentrations of the salts at pH 6.0, solutions of ammonium nitrate, ammonium sulphate and ammonium chloride were used at various concentrations;
as controls, solutions of potassium sulphate and potassium chloride were used. From the results of the experiments, which are shown in Table 1 , remarkable accelerating effect of the inorganic N-compounds on the gibberellin-induced germination of tobacco seed is observed.
None of these compounds itself, however, induces the dark germination in absence of gibberellin.
Ammonium nitrate promotes the gibberellin action even in such a low concentration as M/200, and the optimum concentration is around M/20. The accelerating effect of ammonium sulphate and ammonium chloride is observed even in their concentration of M/160, and they have their optimal con-centration at M/40. Potassium sulphate and potassium chloride promote the gibberellininduced dark germination even in the low cencentration of M/200, but their promoting effect is not very high even at M/10.
Effect of potassium phosphate and ammonium phosphate: For the investigation of the optimum concentration of each of the two salts on the germination inducing action of gibberellin, various amounts of potassium phosphate or ammonium phosphate were added to the germination bed in presence or absence of 10 ppm gibberellin.
The test solution was initially adjusted to pH 4.0 and 6.5 with H3P04 and KOH in case of Tables 2 and 3 . From these tables, remarkable accelerating effect of the phosphates on the gibberellin induced dark germination of tobacco seed is observed, especially on the germination beds having their initial pH at 4.0. The optimum concentration of potassium phosphate on the acceleration of gibberellin action is M/10, and this effect is still observed in so low a concentration as M/400. Ammonium phosphate accelerates the dark germination induced by gibberellin remarkably in its concentration of M/160 Effect of ~H on the accelerating effect of potassium nitrate, ammonium chloride, potassium phosphate and ammonium phosphate on the gibberellin action: In these cases pH was adjusted with the series of acid and base, i.e. HNO3-KOH, NH4OH-HCI, H3P04-KOH and H3P04-NH4OH, respectively.
In each series of experiments various amounts of KOH, HCI, KOH and NH4OH solutions in different concentrations were added to the same quantity of M/5-HNO3, -NH4OH, and -H3PO solutions, respectively, and made up the solutions having the latter acid or base in their concentration of M/10.
Results are shown in Figures 1 to 4 . From these results the followings are ob-PH Fig. 3 . Effect of potassium phosphate on the dark germination inducing action of gibberellin.
pH was adjusted with H3P04 and KOH, and the final concentration of used H3P04 was M/10. Gibberellin concentration was 5 ppm. Storage length of the seed was 11 months. r ig. 4. rrrect or ammonium pnospnate on the aarx germination inducing action of gibberellin.
pH was adjusted with H3P04 and NH4OH, and final concentration of H3PO4 was M/10. Gibberellin concentration was 5 ppm. Storage length of the seed was 11 months. Vol. 75 served; 1) in the presence of KNO3 solution the germination induceing action of gibberellin is accelerated mostly at pH 3.3. 2) In presence of NH4C1 the gibberellin action is promoted at pH 3.0 and 4.7. 3) In the solution of KH2PO4 or K2HPO4, dark germination of tobacco seed is induced by gibberellin mostly at pH 3.8 and secondly at pH 2.0. 4) Dark germination inducing action of gibberellin in NH4H2PO4 or (NH4)2HPO4 solution is accelerated at three pH ranges : the most effective pH is 3.0, and pH 4.6 and 2.0 are the second and third effective ranges.
Discussion
From the results of the present experiments, the influence of pH on the effect of the salts on the dark germination inducing action of gibberellin, is quite remarkable.
In the first step the authors found the difference in the effects of various concentrations of NH4NO3, (NH4)2S04, NH4C1, K2SO4, and KC1 on the gibberellin action, however, the strength of the effect of each salt appeared differently in different experiment, as long as the unbuffered solutions were used. In the second step, they found that the accelerating effect on gibberellin action of phosphates was greater in acidic range of pH than in neutral range.
In the third step, the effect of potassium nitrate, ammonium chloride, potassium phosphates and ammonium phosphates were examined using the germination bed having various pH. They found also that potassium nitrate accelerated the gibberellin action in a wide acidic range of pH and had only one optimum pH at 3.3. At around pH 5.5, where the pH of the unbuffered medium lies, however, the rate of the gibberellin induced dark germination became lower and lower with the increase of the storage length of the seed.
The reason why the result of Hashimoto's experiment3' is different from that of Ogawara and Ono's experiment7~ about the effect of unbuffered potassium nitrate solution on gibberellin induced dark germination of tobacco seed is probably due to the difference in the pH in their experiments and also to the age of the seed used.
Only one peak at pH 3.3 is observed in case of potassium nitrate; however, in case of ammonium chloride the shape of the germination curve is quite different:
two peaks at pH 3.0 and 4.7 are observed. In the presence of potassium phosphate, there exist three peaks, at 2.2, 3.8 and 4.7, and in the case of ammonium phosphate two out of three peaks at pH 2.2 and 4.7 are the same as those in case of potassium phosphate, but the last peak at pH 3.0 corresponds to one of the two peaks of ammonium chloride.
By the comparison of these germination curves in Figs. 1 to 4, it seems probable that germination peak at pH 3.3 is specific for nitrate ion, peak at pH 3.0 is for ammonium ion, and peak at 2.0-2.2 is for phosphate ion; the peak at pH 4.8-5.0 seems to be common to all these ions.
According to these results, we can see that the dark germination inducing action of gibberellin is promoted by the inorganic ions in case of tobacco seed of that age, the action of gibberellin being more or less effective depending on the various ions used.
The influence of the seed age will be discussed in the next report.
Summary
1) The effect of ammonium nitrate, ammonium phosphate, ammonium sulphate, ammonium chloride, potassium nitrate, potassium phosphate, potassium chloride and potassium sulphate on the dark germination inducing action of gibberellin were studied. These salts promote the action of gibberellin, even though they have no germination inducing action by themselves.
2) Among these eight compounds, the former six have remarkable promoting effect on gibberellin action.
3) Potassium phosphate and ammonium phosphate accelerate the gibberellin action remarkably in acidic pH range, especially in the concentration range from M/20 to M/ 10. 4) Influence of pH on the effect of the salts on the dark germination inducing action of gibberellin is quite remarkable, when potassium nitrate, ammonium chloride, potassium phosphate and ammonium phosphate are used.
5) Potassium-, nitrate-, ammonium-, and phosphate-ions seem to act in different ways.
